Journal of Root Crops 50(1), 2024

Journal of Root Crops

Indian Society for Root Crops
ISSN 0378-2409, ISSN 2454-9053 (online)

Journal homepage: https://journal.isrc.in

Assessment of variability in temperature tolerance and antagonistic
activity among Trichoderma isolates for biological control applications

Chithra Vinod, S.S. Veena*, J. Sreekumar, S. Karthikeyan and M.L. Jeeva
ICAR-Central Tuber Crops Research Institute, Thiruvananthapuram 695 017, Kerala, India

Abstract

Trichoderma is a well-known genus of fungi, widely recognized for its role in biocontrol within agricultural
systems. These fungi are commonly found in the soil and root zones of plants, where they contribute
to enhance plant health and control diseases caused by soil-borne pathogens. The use of Trichoderma,
either alone or in combination with organic amendments, is recommended for managing major
diseases in tropical tuber crops. These include tuber rot and stem and root rot in cassava, anthracnose
in yam, collar rot and postharvest rot in elephant foot yam, and taro leaf blight. Understanding the
environmental conditions, particularly temperature tolerance, is crucial to optimize the effectiveness
of Trichoderma across different climates. The present study examined the variability in both antagonistic
potential and temperature tolerance of 97 Trichoderma isolates collected from various regions across the
country. The antagonistic potential was assessed against Sclerotium rolfsii, pathogen that causes collar
rot in elephant foot yam. The isolates demonstrated a wide range of mycelial growth inhibition, from
66.11% to 100%, with 17 isolates achieving complete inhibition of S. rolfsii. All isolates were able to
grow within a temperature range of 15°C to 35°C, with optimal growth observed at 30°C, followed by
35°C. Two isolates were capable of thriving at temperatures as high as 40°C indicating their valuable use
in regions with extreme climatic conditions. This variation in antagonistic potential and temperature
tolerance among the isolates is valuable for selecting and developing effective isolates for specific crops,
pathogens, and regions.
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Introduction

Plant diseases play a direct role in destroying natural
resources in agriculture and are said to be a major cause
of reducing the annual level of food production in the
world, which, depending on the source, is estimated at
the level of 10-40% (Ghorbanpour, 2018). An important
part of sustainable agriculture practices is the effective
management of plant diseases. Chemical pesticides
induce resistance in pathogens, making them challenging
to control after years of continuous application (Hawkins

etal., 2018).The damage caused by the use of pesticides
in the environment and human and animal health has
been widely documented (Jepson et al. 2020; Richardson
etal., 2019).

The mindset of consumers is changing to organic forms of
production. With green agricultural development, people
are urgently seeking safe, effective, and environmentally
friendly plant disease control measures. Biocontrol agents
(BCA) play an important role in agriculture, considered
as one of the safe and effective strategy to control harmful
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organisms in plants through beneficial organisms and
their products and to increase plant food production
globally, diminishing the necessity for chemical pesticides
and fertilizers and offering a more sustainable and eco-
friendly option. (Widmer, 2019; Besset-Manzoni, 2019;
Harman, 2000).

Several species of Trichoderma are known to be versatile,
opportunistic plant symbionts and are are among the most
used and studied microorganisms as biocontrol agent
owing to its range of biocontrol traits, such as parasitism,
antibiosis, secondary metabolites (SM) production, and
plant defense system induction (Guzman-Guzman et al.
2023). It can not only prevent diseases but also promotes
plant growth, improves nutrient utilization efficiency and
enhances plant resistance. Trichoderma mainly exists in the
soil, air, plant surface, and other ecological environments
(Haouhach et al., 2020; Zhang et al., 2021; Wang et al.,
2022) and is a safe, low-cost, effective, eco-friendly bio-
control agent for different crop species (Yao etal., 2023).
The development of successful inoculation systems and
effective delivery methods has enabled Trichoderma to
stimulate plant growth and provide biocontrol against
plant diseases (Abdullah et al., 2021).

One of the major problems associated with the use of
beneficial microbes in agriculture is the variability of
their effects on target organisms, which can be affected
by environmental conditions. The application of
Trichoderma as an antagonist is owing to their ability to
survive under different adverse environmental conditions
and Trichoderma by themselves are not immune to abiotic
stresses such as moisture deficiency, higher temperature,
etc., which tend to cause morphological, physiological,
biochemical, and molecular changes and adversely
affect the beneficial results of these bioagents (Haque
et al. 2020; Poosapati et al. 2021).The use of species of
Trichoderma is somewhat undermined by their variable
level of bio-control activity, which is influenced by
environmental conditions. Understanding the source of
this variability is essential for its profitable and wide use
in plant protection (Di Lelio, 2021).

Studies indicate that high atmospheric temperatures
combined with low humidity are key environmental
factors affecting the growth, sporulation and biocontrol
efficacy of Trichoderma species. Temperature variations can
influence the metabolic activities of these fungi, thereby
impacting their interactions with pathogens and plants,
and is a major factor contributing to the inconsistent
performance of Trichoderma under field conditions
(Poosapati et al., 2021). Optimal temperature ranges
for Trichoderma growth and activity are species-specific
and can significantly impact their performance in field
conditions. The identification of thermo tolerant strains
of this genus would be relevant, apart from the economic
significance entailed (Poosapati et al., 2014). Therefore,
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studying the temperature response of different Trichoderma
strains is essential for developing effective biocontrol
strategies and for selecting strains that are best suited to
specific climatic conditions.

The tropical tuber crops are susceptible to many
pathogens in field as well as in storage which lead to
significant economic loss. Fungal pathogens, such as
Fusarium spp, S. rolfsii, Colletotrichum gloeosporioides and
oomycete. Phytophthora colocasiae are among the most
important ones, causing diseases such as tuber rot and
stem and root rot in cassava, collar rot in elephant foot
yam, anthracnose in yam and taro leaf blight (Jeeva et al.
20205 Prakash et al., 2023). Application of Trichoderma
alone or in combination with chemicals is being practiced
for the management of various fungal diseases of tropical
tuber crops (Baby et al., 2022). Among the field diseases
of elephant foot yam, collar rot caused by S. rolfsii Sacc.
is the most destructive and common disease prevalent
in all the elephant foot yam growing areas (Kumar et
al., 2017; Aswathy et. al., 2019). Organic growers have
limited options for managing diseases of tuber crops
since most of the effective fungicides, fumigants and seed
treatments are synthetic, toxic and potentially polluting
(Veena et al., 2013). Application of Trichoderma spp is
recommended as the eco-friendly strategy to combat
the crop loss. However, all Trichoderma isolates may not
perform equally against specific soil borne pathogens
as Trichoderma antagonists have different mechanisms
of pathogen recognition (Linet et al., 2018). In this study,
ninety seven Trichoderma isolates have been evaluated
for their ability to grow at different temperatures and
capacity to inhibit the mycelial growth of S. rolfsii.

Statistical analysis

The data on mycelial growth of pathogens at different
concentrations of various fungicides and mycelial growth
at different temperatures were statistically analyzed.
Mean separation was determined according to Duncan’s
multiple range test (p<0.05).

Materials and Methods
Microbial cultures

Ninety-seven isolates of Trichoderma obtained from
the tuber crop ecosystem across various parts of India
(Kerala, Karnataka, Andhra Pradesh, and Odisha) and
maintained in the microbial repository at ICAR-CTCRI
were used for this study. Similarly, S. rolfsii isolated
from an elephant foot yam plant (variety ‘Gajendra’)
showing typical symptoms of collar rot and maintained
in the ICAR-CTCRI microbial repository was used. All
cultures were sub-cultured on Potato Dextrose Agar
(PDA) medium and incubated at 28 +2°C. Cultures were
periodically transferred and fresh sub-cultures were used

for the study.



Evaluation of Trichoderma Isolates for antifungal
activity against Sclerotium rolfsii

The differential antagonistic potential of 97Trichoderma
isolates was evaluated against Sclerotium rolfsii using the
dual culture method as described by Skidmore and
Dickinson (1976). To assess inhibitory action, mycelial
discs (5 mm in diameter) from actively growing cultures
of each Trichoderma isolate were co-inoculated with S.
rolfsii on a single PDA plate. Each Trichoderma disc was
placed 3 ¢cm from the periphery of the plate. Similarly,
mycelial discs from actively growing S. rolfsii cultures
were positioned directly opposite the Trichoderma discs,
maintaining a 3 cm distance between the two. Each
isolate was tested in triplicate, with S. rolfsii inoculated
alone on PDA plates as the control. The radial mycelial
growth of S. rolfsii was recorded every 24 hours. On day
3, the control plates showed complete coverage (90
mm) by S. rolfsii. The radial growth of S. rolfsii in the
presence of each Trichoderma isolate was measured, and
the percentage inhibition was calculated relative to the
control, using the following formula:

1 x 100

... Eqn. (1)

Where, 1 = percent inhibition; C
of pathogen (in mm) alone in the control plate; T =

radial growth

radial growth of pathogen (in mm) in the presence of
Trichoderma isolates (Edington et al., 1971).

Effect of temperature on mycelial growth of
Trichoderma

The effect of temperature on the mycelial growth of
Trichoderma isolates was assessed by incubating cultures
at six different temperatures: 15, 20, 25, 30, 35, and
40°C. The experiment was conducted in a BOD
(Biochemical Oxygen Demand) incubator to maintain
precise environmental conditions. Mycelial discs, each
measuring 5 mm in diameter, were excised from the
actively growing edge of each Trichoderma isolate culture
and placed centrally on Potato Dextrose Agar (PDA)
plates. The plates were observed, and the radial mycelial
growth was recorded at intervals of 24, 48, and 72 hours
of post-incubation to evaluate the growth rate across
different temperatures. Each isolate was tested with
three replicates to ensure the reliability of results, and
the average mycelial growth at each temperature was
calculated to determine the optimal temperature range
for mycelial expansion.

Results and Discussion
Screening of Trichoderma isolates against S. rolfsii

All the isolates tested expressed their potential to
arrest the mycelial growth of S. rolfsii, the pathogen
responsible for collar rot disease in elephant foot yam.
However, the isolates varied in their antagonistic action
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towards S .rolfsii (Table 1). Trichoderma isolates, T2, T21,
T26, T27, T30, T34, T39, T45, T46, T53, T59, T73,
T78, T79, T89, T91, and T93 showed 100% mycelial
growth inhibition consistently across all time points
(24 h, 48 h, and 72 h). These isolates demonstrated
strong potential as reliable biocontrol agents against S.
rolfsii. Few isolates, T14,T20,T22,T23, and T24 showed
a gradual increase in inhibition percentage from 24 hours
to 72 hours, indicating a cumulative suppressive effect on
the pathogen over time. Isolates, T11 and T63 exhibited
low inhibition percentages across all time points, with
values below 70%. These isolates may not be suitable
for individual use in controlling S. rolfsii, though they
might still offer benefits when combined with other bio-
agents. In control plates, mycelium of S. rolfsii completely
covered the medium by 72 h (3 days after inoculation
(DAI)) and all the 97 isolates showed >65% mycelial
growth inhibition against S. rolfsii on that day. At 72 h
of inoculation, majority of the isolates were with 80-
90% inhibition (67%) and only 1.34% of the isolates
expressed <80% inhibition (Fig. 1).

Table 1. Inhibition of mycelial growth of S. rolfsii by

Trichoderma isolates

Isolate Mycelial growth inhibition (%) after

number 74 | 48 h 77 h
T1 30.9 ngl]ijklm 67.5 9ijk 80.5 6ghijklmn
T2 100.00° 100.00° 100.00°
T3 35.71 defghijk 69.44ghiik 78.3 3klmuu
T4  42.86%% 70 .0 defghi 78 g gikimno
TS 69.0517" 74.07dclgl1i 84.44dc1‘ghiikl
T6 26.1 9hijk1mn 70. 37fghij 82.2 Zdefghiiklmn
T7 30.95fghijklm 73.1 Sdefghi 81.1 lfghijklmn
T8 30.95hkm 71 3Qekhi 75.56™P
T9 47.629f 79.63% 85§ Gelefghij
T10  30.95fhikm 685 2hik 80, 5 Gehiikimn
TI1  21.43%m  52.7g! 66.11%
T12  16.67™ 67,591k 80,5 gehikimn
TI3  19.05%™  67.59% =g gghkimno
T14  50.00% 78.70%% §7 9 cdely
T15  38.09%Ei 7500 g5 00k
TI6  40.48% 73 |5l g3 33deighikin
T 1 7 3 5 .7 1 defghijk 74.07defghi 84.44defghijkl
T18 35.71 defghijk 72.2 2defghi 82.2 zdefghijklmn
T19 38 .Ogdefghij 74.07defghi 833 3defghijklm
T20 45.23defg 76.85defghi 86.1 ldefghi
T21  100.00° 100.00° 100.00°
T22 476 1 def 768 5 ldefghi 8 5 5 Sdefghij
T23  47.61% 76,850 g1 1l
T24  100.00° 80.56° g7 7gbedet
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125
T26
127
128
129
T30
T31
T32
T33
T34
T35
T36
T37
T38
T39
T40
T41
T42
T43
T44
T45
T46
T47
T48
T49
T50
T51
T52
T53
T54
T55
T56
T57
T58
T59
T60
T61
T62
T63
Te4
T65
T66
T67
T68
T69
T70

45.23%%
100.00°
100.00°
52.38%
50.00%
100.00°
52.38%
52.38%
100.00°
100.00°
45.23%%
40.47defghi
50.00%
28572k
100.00°
45.23
100.00°
45.24%%
100.00°
42,8541
100.00°
100.00°
50.00%
40,4744
40,4744
100.00°
47.61%
50.00%
100.00°
45,23
47,61
100.00°
50.00%
42,854
100.00°
33.33¢0EhiN
52.38%
33.33¢0EhiK
11.90"
28,572k
40,474
23807k
71.42°
30,95k
357 1 defeghijk
14.28™

75.93dc(ghi
100.00*
100.00*
77.7 8defgh
79.63 4
100.00*
78.70%k
78.70%k
90.74®
100.00*
77.78defgh
76.85defghi
77.78%&h
69.44ik
100.00°
75.93defghi
74.07defghi
76.85defghi
89.81%
73. 1 Sdefghi
100.00°
100.00°
77.78%h
75.00defghi
74'07defghi
90.74®
77 . 7 7(|Cfgh
73 . 14(](‘fghi
100.00*
77 . 7 7(|t‘fgh
77.77(|cfg}1
90.74®
77.77dcfgh
73. 14dcfghi
100.00*
74.07dcighi
78.700%k
71. chfghii
56.48!
71. 29efghij
74.07defghi
60.18"

7 5. OOdefghi
7 1. 29efghij
70.37%0
62.03M

85,5 5defghii
100.00°
100.00*

8 5.0Qdelehijk
86.674fkh
100.00*
86.1 1 defehi
87 . 2 2cdefg
93.89%¢
100.00*
85,5 5defehi
855 5defghi
86.1 1 defehi

8 1.6 7¢tehilkimn
100.00*
8444 dcfehii
79 44iikimno
86.1 1 defehi
93 . 89a|‘»<‘

8 D ) defghijkimn
100.00*
100.00?
86.674!

8 5.0 Qdcfehik
8 1 .67€fghi]k]mn
8 8 . 8 8bcd
86'66(|(‘fgh
83,3 3defghijkim
100.00*
86.1 1 defghi
86,1 1 dcfehi
94.44%

86,1 1 defehi

8 2 . 2 ZdCfghi]Hrnrl
100.00°
83,3 3defghijkim
86.664E
8§33 3defghijkim
68.88r1
8167 ehilkimn
84.44defghijkl
73.33°p
8444 defghijd
§1.1 1 fehijklmn
81.67¢fehilkimn
76_66111110
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T71 100.00° 81,484 88.88"
T72  100.00° 77 770 g5 5 gl
T73  100.00° 100.00° 100.00°
T74  35.7]dfehik 68,5 1 ik 811 1 echikimn
T75  38.09dckhi 69 44hik 811 1 fehikimn
T76 3333 9 44dik  77.77me
T77  35.7]dfehik 71 29efehi 81 67 <lehilkimn
T78  100.00° 100.00° 100.00°
T79  100.00° 100.00° 100.00°
T8O  47.61% 7 407 delchi g2 7 delghijkimn
T81  45.23%k 75.00% g5 Qlehik
T82  100.00° 100.00° 94 44
T83  30.95Hikm g7 59k g ggkimno
T84  45.23%k 73 .1 4defehi 8().QQhikimno
T85  40.47i 75,9 defghi 85§ 5defehi
T86  100.00° 76.8500 g5 55l
T87  45.23%k 75 0Qdefehi 85, Q0 efehilk
T88  50.00% 77 77l g5 5 gl
T89  100.00° 100.00° 100.00°
T90  100.00° 90.74% g7 77bedet
T91  100.00° 100.00° 100.00°
T92  76.19" 79.62 4 877 77bedet
T93  100.00° 100.00° 100.00°
T94  76.19° 81.485d 88,3 3bede
T95  100.00° 80.55¢ 88.33
T96  52.38< 78.701% 87 2 edle
T97  52.39« 81.48b<d 87 777 bedet
m

¢

i ]

5 s

Percentage Inhibthon (%)

Fig.1. Distribution of number of isolates based on
antagonistic activity against S. roysii

In recent decades, chemical pesticides have been widely
used to protect crops from fungal pathogens, but their
safety and environmental impacts raise serious concerns
(Ghorbanpour, 2018). Overuse can lead to pesticide
resistance in pathogens, soil and water contamination,
and harm to beneficial insects, soil microbiomes,
and ecosystems (Alizadeh et al., 2020). Sustainable
approaches, such as Integrated Pest Management (IPM)
and organic farming, help mitigate these issues (Grasswitz,
2019). One promising strategy is using biological



control agents (BCAs), which employ microorganisms,
their metabolites, or natural products to control plant
pathogens (Thambugala et al., 2020). Bioagents are
crucial for managing plant diseases (Li et al., 2013).
Among them, Trichoderma is particularly effective as a
biocontrol agent against economically significant soil-
borne pathogens. Abundantly found in soil and root
ecosystems, Trichoderma serves as a potent antagonist to
fungal pathogens affecting plants (Kushwaha et al., 2014;
Shahid and Srivastava, 2014). Trichoderma, a dominant
component of various soil ecosystem mycobiomes, are
characterized by the ability to colonize plant roots. The
growing interest in the application of Trichoderma results
from their direct and indirect biocontrol potential against
a wide range of soil phytopathogens (Ty“skiewicz et al.,
2022).

Biological control, particularly using Trichoderma species,
has emerged as a promising approach for sustainable
management of S. rolfsii - induced diseases (Adhikari et
al., 2022). Application of Trichoderma is recommended to
manage collar rot in elephant foot yam. The differential
antagonistic potential of 43 Trichoderma isolates were
assessed by adopting three in vitro screening methods viz.,
direct confrontation, antibiosis test based on production
of diffusible inhibitory metabolites and production of
volatile compounds. In dual culture method, percentage
inhibition of mycelial growth of pathogen varied from
9.44% to 82.32% (Linet et al., 2018). Comparable
results have been obtained by various researchers across
different crops. Motlagh et al. (2022) studied the
effectiveness of T. viride and T. virens as biocontrol agents
against S. rolfsii, the causative agent of peanut stem white
rot, finding that T. virens achieved the highest suppression
of S. rolfsii mycelial growth in dual culture (90.98%).
Similarly, T. viride showed 78.61% inhibition, followed
by T. harzianum at 75.28% against S. rolfsii, which causes
collar rot in chickpea under in vitro conditions (Meena
et al. 2023). The rate of inhibition was fastest with T.
harzianum (63.60%), followed by T. virens (51.5%), while
T. viride showed the least inhibition (50.85%) after 72
hours (Kushwaha et al. 2018). The results of the study
indicated the presence of highly efficient isolates in
the collection, with the majority (86 isolates) showing
more than 80% inhibition. Further studies on these
isolates could advance the development of alternative
management options to control the pathogen S. rolfsii.

Effect of temperature on growth of Trichoderma
isolates

All ninety-seven isolates were able to grow within a
temperature range of 15-35°C (Table 2). The growth
rate varied significantly depending on the isolate and the
temperature. The growth rate ranged from 0.43 cm day
! (isolate T91 at 15°C) to 3.8 cm day (isolate T89 at
35°C). The mean mycelial growth of the isolates at 30°C
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was significantly higher than at all other temperatures,
followed by 35°C (Fig. 2). The lowest growth rate was
observed at 15°C, which was significantly lower than the
mycelial growth rates recorded at all other temperatures.
Fifteen isolates -T3, T19, T20, T52, T59, T63, T66,
T73, T79, T81, T87, T92, T94, T95, and T96 exhibited
a growth rate difference of less than 0.5 cm day™ across
temperatures of 20°C, 25°C, 30°C and 35°C. These
isolates may be suitable for regions with significant
temperature variations across different seasons.

Table 2. Mycelial growth rate of Trichoderma isolates at
different temperatures

Isolate  Mycelial growth rate (cm day™') of various
No. isolates at
15°C 20°C  25°C  30°C 35°C
T1 0.889 2.083 2.183 2700 2.567
T2 0.856 2.217 27700 2.833 2.533
T3 0.800 2.167 2.300 2.500 2.200
T4 0.944 1917 2300 3.033 2.100
T5 0.856 2.067 2.133 2.783 2.267
T6 0.856 2.050 2.367 2.800 2.367
T7 1.333  1.850 2.650 3.200 3.167
T8 .111 2,133 3.083 3.267 2.783
T9 0.822  2.150 2.683 3.200 2.300
T10 0.878 2.133 2.283 3.000 2.633
T11 0967 2.217 2.617 2900 2.367
T12 0.867 2.117 2450 2.833 1.900
T13 0856 2.133 2.433 2.783 2.367
T14  0.833 2233 2283 2.800 2.000
T15  0.844 2.200 3.067 2.900 2.600
Ti6  0.844 2.167 3.483 3.100 2.733
T17 0989 2200 2.300 2.800 2.100
T18  0.900 2.183 3.400 2.700 2.400
T19 0.889 2.000 2.450 2.533 2.500
T20  0.889 2.100 2.067 2.400 2.267
T21 0.967 2.150 2.650 3.000 2.700
T22 0911 2.267 2.7733 3.100 3.000
T23 0900 2.017 3.733 2.933 2983
T24  0.889 2.067 2.500 3.200 2.500
T25 0933 1.867 2.367 3.067 3.000
T26  0.856 2.067 2.317 3.200 3.400
T27 0911 1950 2.117 2.633 2.400
T28 1.500 2.250 2.650 3.233  3.200
T29 0.833 1.667 1.783 2.733 2.367
T30 0.822  1.300 1.650 2.267 1.567
T31 0.856 1.517 2.083 2.667 2.500
T32 0.833 1.633 3.017 2.667 2.567
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T33 0.978 1.650 2.733 2.533 2.433 T79 1.100  2.350 2.533 2.400 2.033
T34 0.556 1.483 1.767 2.367 2.400 T80 1.000 2.217 2.650 2.467 1.967
T35 0.822 1.733 1.883 2.783 2.600 T81 0.833 2.467 2.650 2900 2.783
T36 1.367 2.10 2,533 2900 3.200 T82 1.000 2.483 2.650 3.267 3.167
T37 0.922 1.800 2.600 2.467 2.333 T83 1.000 2.400 2.533 3.133 2983
T38 0.789 1.783 2.500 2.667 1.533 T84 1.000 1.967 2.650 2.983 3.467
T39 1.167 2.000 2983 2983 2.600 T85 0.867 2.417 2.650 3.033 2.667
T40 0.833 1.683 2750 2.467 2.167 T86 1.000 2.033 2.350 2.733 2.500
T41 1.156  1.050 3.683 2.800 2.783 T87 1.033 2.450 2.650 2.467 2.167
T42 0.933 2.017 2.350 2983 2.800 T88 1.067 2.017 2.150 3.333 3.567
T43 0.856 1.867 2950 3.100 2.983 T89 1.067 1917 2.150 3.400 3.800
T44 1.033 1.733 2.333 3.600 3.667 T90 0.500 1.967 2.050 2.983 3.067
T45 1.067 1.850 3.700 3.100 2.400 191 0.433 2.483 2.650 3.233 3.167
T46 1.000 1.517 1.783 3.400 3.200 T92 1.067 2.350 2.467 2.433 2.067
T47 0.833 1.767 2.333 2.700 2.400 T93 0.700 1.967 2.050 3.267 3.233
T48 0.989 2.000 2.217 2.600 2.400 T94 1.067 2.583 2.650 2.400 2.067
T49 0.867 1.850 3.017 3.033 3.300 T95 1.100 2.650 3.000 2.533 2.500
T50 0.933 1.350 2.183 2.000 1.400 T96 0.900 2.517 2.650 2983 2733
T51 1.100  1.983 2.300 3.067 3.033 T97 1.000 2.483 2.650 3.300 3.200
T52 1.333  2.517 2.650 2,983 3.000 CD values
T53 1.167 1900 2.650 3.333 3.267 Treatment mean comparison 0.1026
T54 0.922 2.033 2817 3.467 2.867 .

Temperature mean comparison 0.0233
T55 0.900 2.000 3.133 3.100 2.500 . .

Interaction mean comparison 0.2296

T56 1.078 2.150 2.850 3.400 2.700
T57 1.053 2.050 2400 2.700 2.467 33

TS8  0.567 1.800 2.650 3.033 2.533 5 ) . .
T59  1.167 2350 2.517 2.800 2.700 Sas s

T60  1.000 2.133  2.650 3.000 2.733 i

T6l  1.067 2.000 2217 2733 2.333 i .

T62  1.000 2283 2.650 3.233  3.133 : .

T63  1.000 1950 2250 2.333 2.067 ol :

Te4  1.100 2350 2.633 3267 2.833 N T e N
T65  0.800 1.800 2300 3.267 3.267

Fig. 2. Mean mycelial growth rate of isolates at 15°C,
T66 1.033  2.283 2.650 2.500 2.283 20°C, 25°C, 30°C and 35°C based on statistical analysis

o7 1.3002.0003.083  2.867 2067 At 40°C, only two isolates (isolates numbers T41 and
To8 1.067  2.100 2.300  3.200  3.133 T65) could grow. The growth pattern of the isolates at
T69 1.200  2.083 2.250 3.067 3.200 different time intervals is shown in Fig. 3.
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Trichoderma isolates that thrive at high temperatures,
such as 40°C, hold significant potential for agricultural
systems in tropical and arid regions where elevated
temperatures may limit the effectiveness of conventional
biocontrol agents. The isolates demonstrated 79.44%
and 84.4% mycelial growth inhibition against S. rolfsii.
By maintaining their antagonistic activity and effective
colonization at elevated temperatures, these isolates
ensure consistent biocontrol efficacy. Furthermore, they
can be incorporated into formulations for improved shelf
stability and broader applicability, making them a crucial
resource for sustainable agriculture in warmer climates.

The selection of an appropriate Trichoderma isolate is
influenced by various factors, including the intended
use, ecological adaptability to different environments,
availability of water and nutrients, climatic conditions,
and the specific crops involved, all of which can affect
their field efficacy (Hjeljord and Tronsmo, 1998). Several
studies have shown that temperature plays a crucial role
in spore germination, hyphal growth, and colonization,
which in turn affects the competitive and antagonistic
capabilities of Trichoderma (Kredics et al., 2003). The
available literature suggests that an optimal temperature
range of 25-30°C is ideal for mycelial growth. Both 25°C
and 30°C have been identified as the best temperatures
for the mass production of Trichoderma (Ghazanfar et al.,
2018). Species such as T. harzianum, T. viride, T. asperellum,
T. koningii, T. atroviride, and T. longibrachiatum were able
to produce sufficient biomass at various temperatures,
including 20°C, 25°C, 30°C, and 35°C, with optimal
growth observed between 25°C and 30°C. No significant
difference in growth was noted between 25°C and 30°C
(Singh et al., 2014). While the maximum radial growth
of Trichoderma isolates occurred at 25°C, the highest dry
weight was recorded at 30°C (Haque et al., 2020).

Contreras-Cornejo et al. (2016) affirm that Trichoderma
generally requires a temperature range of 25-30°C
for optimal growth. However, certain species, such as
T pseudokoningii, are more temperature-tolerant and
can thrive at higher temperatures, while many other
species fail to grow above 28°C (Mukherjee et al.,
2012). Research on Trichoderma consortia cultivation
at varying temperatures has shown that the optimal
growth temperature is around 25°C, where colonies
achieve maximum diameter, biomass accumulation,
sporulation, and conidia production (Shumenova et
al., 2024). Moreover, Trichoderma treated tomato plants
exposed to 25°C and 20°C temperatures exhibited
significant differences in fungal biological performance.
To effectively tackle the challenges posed by local
environmental conditions and the extreme climatic shifts
due to global warming, it is crucial to carefully select the
most suitable Trichoderma isolates for field applications
(Di Lelio, 2021). Most studies indicate that the ideal
temperature for the mycelial growth of Trichoderma is 25-
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30°C. However, the isolates used in this study preferred
temperatures ranging from 30°C to 35°C for optimal

growth.
Conclusion
The study highlights the high variability among the ninety-

seven Trichoderma isolates obtained from the rhizosphere
of tropical tuber crops across different regions. These
isolates demonstrated significant antagonistic potential,
with most showing over 80% mycelial growth inhibition
against S. rolfsii. This suggests that Trichoderma can be a
highly effective biocontrol agent for managing soil-
borne pathogens in tropical agriculture. The study
also identified both temperature-stable and thermo
tolerant isolates, which are capable of thriving at higher
temperatures. These isolates are particularly valuable for
use in regions with extreme climatic conditions or for
crops grown during hot seasons, where high temperatures
can hinder the performance of conventional biocontrol
agents. Future studies should focus on scaling the use of
thermo tolerant isolates and exploring their synergistic
interactions with other biocontrol agents to improve

field efﬁcacy.
References

Abdullah, N.S., Doni, F.,, Mispan, M.S., Saiman, M.Z., Yusuf,
Y.M., Oke, M.A. and Suhaimi, N.S.M. 2021. Harnessing
Trichoderma in agriculture for productivity and sustainability.
Agronomy,11(12):2559. https://doi.org/10.3390/agronomy
11122559.

Adhikari, P, Shrestha, S. M., Manandhar, H. K. and Marahatta,
S. 2022. Effect of Trichoderma isolates on Sclerotium rolfsii
Sacc. J. Agric. Forest. Univ., 5:299-310.

Alizadeh, M., Vasebi, Y. and Safaie, N. 2020. Microbial
antagonists against plant pathogens in Iran: A review. Open
Agric., 5:404-440.

Aswathy B Nair., Veena, S. S., Sheela, M. N., Karthikeyan, S.,
Sreelatha, G.L. and Vishnu, V. R. 2019. Microbial diversity
in rhizosphere soils of tropical tuber crops: utilization
for pathogen suppression and growth promotion. J. Root
Crops, 45(1):53-63.

Baby, A., Veena, S.S. and Karthikeyan, S. 2022. Study on
compatibility of Trichoderma asperellum and fungicides
for the development of environment friendly and cost-
effective disease management strategies. J. Root Crops,
48(1&2):35-40.

Besset-Manzoni, Y., Joly, B, Brutel, A., Gerin, E, Soudiere, O.,
Langin, T. and Prigent-Combaret, C. 2019. Does in vitro
selection of biocontrol agents guarantee success in planta?
A study case of wheat protection against Fusarium seedling
blight by soil bacteria. PLoS One, 14(12):e0225655.
https://doi.org/10.1371/journal.pone.0225655.

Contreras-Cornejo, H.A., Macias-Rodriguez, L., del-Val, E.
and Larsen, J. 2016. Ecological functions of Trichoderma



Vinod et al

spp. and their secondary metabolites in the rhizosphere:
interactions with plants, FEMS Microbiol. Ecol., 92.

Di

—

Lelio, 1., Coppola, M., Comite, E., Molisso, D., Lorito,
M., Woo, S.L., Pennacchio, E, Rao, R. and Digilio, M.C.
2021. Temperature differentially influences the capacity of
Trichoderma species to induce plant defense responses in
tomato against insect pests. Front. Plant Sci., 12:678830.
doi: 10.3389/fpls.2021.678830

Edgington, L.V,, Khew, K.L. and Barron, G.L., 197 1. Fungitoxic
spectrum of benzimidazole compounds. Phytopathol.,
61:42-44.

Ghazanfar, U.M., Raza, M. and Raza, W.2018. Effect of
physiological parameters on mass production of Trichoderma
species. Fak. J. Phytopathol., 30(01):59-65.

Ghorbanpour, M., Omidvari, M., Abbaszadeh-Dahaji,
P, Omidvar, R. and Kariman, K. 2018. Mechanisms
underlying the protective effects of beneficial fungi against
plant diseases. Biol. Control. 117:147—157.

Grasswitz, T.R. 2019. Integrated pest management (IPM) for
small-scale farms in developed economies: Challenges and
opportunities. Insects, 10:179.

Guzmdn-Guzmén, P, Kumar, A., de los Santos-Villalobos,
S., Parra-Cota, EI., Orozco-Mosqueda, M.d.C., Fadiji,
A.E., Hyder, S., Babalola, O.O. and Santoyo, G. 2023.
Trichoderma species: Our best fungal allies in the biocontrol
of plant diseases—A Review. Plants, 12:432. https://doi.
org/10.3390/ plants12030432

Haouhach, S., Karkachi, N., Oguiba, B.,Sidaoui, A., Chamorro,
I. and Kihal, M.2020. Three new reports of Trichoderma in
Algeria: T. atrobrunneum, (South) T. longibrachiatum (South),
and T. afroharzianum (Northwest). Microorganisms, 8:1455.
doi: 10.3390/microorganisms8101455

Haque, Z., Mohammed Shariq Igbal., Ausaf Ahmad., Mohd
Sajid Khan., Satarudra Prakash Singh. and Jyoti Prakash.
2020. Explorations of tolerant Trichoderma spp. as plant
growth promoter and biocontrol agent against Colletotrichum
faleatum, J. Pure Appl. Microbiol., 14(1):327-339. https://
doi.org/10.22207/JPAM. 14.1.34.

Harman, G. E. 2000. Myths and dogmas of biocontrol changes
in perceptions derived from research on Trichoderma
harzianum T-22. Plant Dis., 84: 377-393. doi: 10.1094/
PDIS.2000.84.4.377.

Hawkins, N.J., Bass, C., Dixon, A. and Neve, P 2019. The
evolutionary origins of pesticide resistance. Biol. Rev. Camb.

Philos. Soc., 94: 135-155.
Hjeljord, L. and Tronsmo, A. 1998. Trichoderma and Gliocladium

biological control: an overview. In: Trichoderma & Gliocladium:
Enzymes, Biological Control and Commercial Applications, Vol. 2,
eds. G. E. Harman and C. P Kubicek, pp. 131-151. Taylor
& Francis Inc., Bristol, PA.

Jeeva, M.L., Veena,S.S., Makeshkumar,T., Karthikeyan, S.,
Amrutha,PR. and Shilpa, S.U. 2020. Emerging cassava

root and stem rot: A challenge to wetland farmers in

Kerala. J. Root Crops, 46 (2): 114-117.

30

Jepson, PC., Murray, K., Bach, O., Bonilla, M.A. and
Neumeister, L. 2020. Selection of pesticides to reduce
human and environmental health risks: A global guideline
and minimum pesticides list. Lancet Planet Health, 4:e56—63.

Kredics, L., Antal, Z., Manczinger, L., Szekeres, A., Kevei, F.
and Nagy, E. 2003. Influence of environmental parameters
on Trichoderma strains with biocontrol potential. Food

Technol. Biotechnol., 41:37—-42.
Kumar, P, Bharty, S. and Kumar, K. 2017. Management of

collar rot of elephant foot yam caused by Sclerotium rolfsii -

areview. J. Pharmacgnosy and Phytochem., 1:723-728.

Kushwaha, M., Verma, A. K., Alauddin, M., Choudhary, A. P,
Mishra,V. K. and Goswami, R. 2014. Antagonistic activity
of Trichoderma spp, (a bio-control agent) against isolated
and identified plant pathogens. Int. J. Chem. Biol. Sci., 1:1-6.

Kushwaha, S.K., Sanjeev Kumar and Chaudhary, B.2018.
Efficacy of Trichoderma against Sclerotium rolfsii causing collar
rot disease of lentil under in vitro conditions. J. Appl. & Nat.
Sci., 10(1):307 -312.

Li, S., Zhang, N., Zhang, Z., Luo, J., Shen, B., Zhang, R. and
Shen, Q. 2013. Antagonist Bacillus subtilis HJ5 controls
Verticillium wilt of cotton by root colonization and biofilm
formation. Biol. Fertil. Soils, 49:295-303.

Linet K Joseph, Veena, S.S., Byju, G., Sreekumar, J. and
Karthikeyan, S. 2018. Comparative analysis of antimicrobial
activities 0f43 Trichoderma isolates against Sclerotium rolfsii,
the pathogen causing collar rot disease in elephant foot
yam. J. Root Crops, 44(2):53-60.

Meena, PK.,Sharma, R.S. and Yogita Nain. 2023. Efficacy of
bio- control agents against Sclerotium rolfsii causing collar
rot disease of chickpea under in vitro conditions. Asian
Jrof Microbiol. Biotech. Env. Sc., 25(4):648-650. DOI No.:
http://doi.org/10.53550/AJMBES.2023.v25i04.007

Motlagh,S., Reza,M., Farokhzad,M., Kaviani,B. and Kulus,
D. 2022. Endophytic fungi as potential biocontrol agents
against Sclerotium rolfsii Sacc.-the causal agent of Peanut
white stem rot disease. Cells, 11(17):2643. https://doi.
org/10.3390/cells 11172643.

Mukherjee, M., Mukherjee, PK., Horwitz, B.A., Zachow, C.,
Berg, G. and Zeilinger, S.2012. Trichoderma-plant-pathogen
interactions: Advances in genetics of biological control,
Indian J. Microbiol.,52:522—529. https://doi.org/10.1007/
s12088-012-0308-5

Poosapati, S., Ravulapalli, PD., Tippirishetty, N.,
Vishwanathaswamy, D.K. and Chunduri, S. 2014. Selection
of high temperature and salinity tolerant Trichoderma
isolates with antagonistic activity against Sclerotium rolfsii.
Springer Plus, 3:641.

Poosapati, S., Ravulapalli, PD., Viswanathaswamy, D.K. and
Kannan, M. 2021. Proteomics of two thermotolerant

isolates of Trichoderma under high-temperature stress. J.
Fungi, 7:1002. https:// doi.org/10.3390/jof7121002

Prakash M. Patel., Veena, S. S., Karthikeyan, S., Sreckumar,



J. and Jeeva, M.L.2023. In vitro evaluation of twelve
fungicides against three major fungal pathogens of tropical

tuber crops. J. Root Crops, 49(2):45-52.

Richardson, J.R., Fitsanakis, V., Westerink, R.H.S. and
Kanthasamy, A.G. 2019. Neurotoxicity of pesticides. Acta
Neuropathol., 138:343-362.

Shahid, M. and Srivastava,M. 2014. Comparative study of
biological agents, Trichoderma harzianum (ThAzad) and
Trichoderma viride (01PP) for controlling wilt disease in
Pigeon pea. J. Microbiol. Biochem. Tech., 06:110-115.

Shumenova, N., Nauanova, A., Kazangapova,N., Yesmurzayeva,
A. and Bekenova, S. 2024. Optimal technological
parameters for cultivating Trichoderma consortia isolated
from Northern Kazakhstan soils. International J. Design &
Nat. Ecodyn., 19(4):1293-1300.

Singh, A., Mohammad Shahid, Mukesh Srivastava, Sonika
Pandey, Antima Sharma and Vipul Kumar. 2014. Optimal
physical parameters for growth of Trichoderma species

at varying pH, temperature and agitation. Virol. Mycol.,
3(1):DOI: 10.4172/2161-0517.1000127

Skidmore, A. M. and Dickinson, C. M. 1976. Colony
interactions and hyphal interference between Sepatoria
nodorum and phylloplane fungi. Trans. Br Mycol. Soc.,
66:57-64.

Thambugala, K.M., Daranagama, D.A., Phillips, AJ.L.,
Kannangara, S.D., Promputtha, 1. 2020. Fungi vs. fungi

in biocontrol: An overview of fungal antagonists applied

31

Journal of Root Crops 50(1), 2024

against fungal plant pathogens. Front. Cell. Infect. Microbiol.,
10:718.

“skiewicz, R. Nowak, A. Ozimek, E. and Jaroszuk-Sciset,
J. 2022. Trichoderma: The current status of its application

Ty

in agriculture for the biocontrol of fungal phytopathogens
and stimulation of plant growth. Int.J Mol Sci., 23:2329.
https:// doi.org/10.3390/ijms23042329.

Veena, S.S., Jeeva, M.L., Rajeswari, L.S., Sabna, A., Pravi
Vidyadharan, Nedunchezhiyan, M., Sreckumar, J. and
James George. 2013. Worm power against fungal diseases
in aroids: prospects and future strategies. . Root Crops,
39(2):136-147.

Wang, H., Zhang, R., Mao, Y., Jiang, W,, Chen, X.and Shen, X.
2022. Effects of Trichoderma asperellum 6S-2 on apple tree
growth and replanted soil microbial environment. J. Fungi,
8:63. doi: 10.3390/j0f8010063.

Widmer, T.L. 2019. Compatibility of Trichoderma asperellum
isolates to selected soil fungicides. Crop Protection, 120:91-96.
https://doi. org/10.1016/j.cropro.2019.02.017.

Yao, X., Guo, H., Zhang, K., Zhao, M., Ruan, J. and Chen, J.
2023.Trichoderma and its role in biological control of plant
fungal and nematode disease. Front. Microbiol., 14:1160551.
doi: 10.3389/fmicb.2023.1160551.

Zhang, C., Wang, W,, Xue, M., Liu, Z., Zhang, Q. and Hou, ].
2021. The combination of a biocontrol agent Trichoderma
asperellum SCO012 and hymexazol reduces the effective
fungicide dose to control Fusarium wilt in cowpea. J.

Fungi, 7:685. doi: 10.3390/jof7090685.



